In patients with asthma or chronic obstructive pulmonary disease (COPD), do inhaled corticosteroids increase bone loss?
S t u d y s e l e c t i o n
Studies in any language were selected if they were randomized controlled trials that compared inhaled corticosteroids with placebo in patients with or without a clinical diagnosis of asthma or COPD.
D a t a e x t r a c t i o n
Data were extracted on patients, drug regimens, and outcomes. 2 reviewers independently assessed the quality of study methods.
M a i n r e s u l t s 7 studies met the selection criteria. 4 studies recruited patients with mild asthma or COPD (1870 patients, 67% men), and 3 studies recruited healthy volunteers (119 persons, 66% women). Duration of follow-up ranged from 6 weeks to 3 years. Inhaled corticosteroids used were beclomethasone, budesonide, and fluticasone. Inhaled corticosteroids at all doses did not differ from placebo for vertebral fractures (2 studies); change in BMD (3 studies); or levels of osteocalcin (3 studies), C-terminal propeptide of type-one pro collagen (1 study), parathyroid hormone (1 study), alkaline phosphatase (1 study) ( Table) , or urinary hydroxyproline (1 study).
C o n c l u s i o n
In patients with asthma or chronic obstructive pulmonary disease, inhaled corticosteroids do not increase vertebral fractures, reduce bone mineral density, or change biochemical markers. 
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C o m m e n t a r y
Osteoporosis is one of the most serious complications of systemic steroid therapy, and changes in BMD are detectable within a few months of starting treatment. The reduction in BMD is a sensitive but nonspecific predictor of risk for future fracture (1). Inhaled corticosteroids have revolutionized the treatment of asthma for the past 30 years by improving symptoms, reducing the frequency of exacerbations, and preventing asthma deaths. Because they are so effective, most guidelines recommend that they have a central role in the management of all but the most minor degrees of asthma. In COPD, the benefits are more marginal, but the small reduction in the exacerbation rate has led many clinicians to recommend long-term use. Many millions of patients worldwide are now taking large doses of potent, expensive corticosteroids for years on end. How safe is this practice, and can we really reassure patients that the bone-thinning effect of systemic steroids does not occur when the same class of compound is received via an inhaler? Studies with the osteoporotic fracture rate as a primary end point take many years to complete and need to be adequately powered to detect what may be a fairly low likelihood event (depending on the population studied). The systematic review by Jones and colleagues concluded that overall no obvious increased risk existed for fracture, reduction in bone density, or change in any of the biochemical surrogates of increased bone turnover. Measurement of biochemical markers of bone formation was studied for mere weeks, although studies measuring BMD and fracture rate were of necessity much longer. Doses in some of the studies exceeded the maximum recommended amount, and these studies showed evidence for a greater effect on bone turnover. The pharmacokinetics of individual delivery systems and the pharmacology of various steroids inevitably introduced a degree of heterogeneity, and most study patients were young and at low risk for osteoporosis. The recently published Lung Health Study Research Group trial of inhaled triamcinolone in COPD was not included in this review, but changes in bone density at the lumbar spine and femur were apparent at 3-year follow-up, which strikes a note of caution (2) .
Although this review provides some reassurance about the effectiveness and safety of inhaled corticosteroids, the issue is far from settled, and much longer follow-up and treatment periods are required before such medication can be declared risk free.
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